1. A triple stable-isotope method was used to estimate simultaneously selenium absorption from poultry meat intrinsically labelled with 74Se and from an extrinsic tracer of 76Se0,2-in four young adult men. The subjects received an experimental diet based on chicken meat as the source of protein. Two diet periods, lasting from 5 to 10d, depending on the frequency of stool output for each subject, were conducted to allow duplicate determinations within each subject of Se absorption from both sources.
In this earlier study young men received, after an overnight fast, an oral dose of a solution of selenite highly-enriched with the stable isotope 74Se. However, in order to determine whether a tracer dose of 74Se0,2-could be used to estimate the absorption of Se from meals of test foods, it is necessary to assess the extent to which this tracer exchanges with the entire pool of dietary Se before its absorption.
The problem of isotope exchangeability has been explored in studies of non-haeme iron (Bjorn-Rasmussen et al. 1974; Layrisse et al. 1975; Cook, 1977; Hallberg, 1981) and zinc (Evans & Johnson, 1977; Sandstrom & Cedarblad, 1980; Janghorbani et al. 19826) absorption. However, there are no published reports concerned with an exploration of this problem in reference to the determination of Se absorption. Furthermore, it cannot easily be predicted from the available literature whether labelled selenite, when given as an extrinsic label together with Se-containing foods, would serve as a reliable index of the absorption of Se from these foods.
In the present study we have investigated these problems by exploiting a procedure, described previously , for intrinsic labelling of chicken meat with the stable isotope 74Se. Young men were given a meal of chicken intrinsically-labelled with 74Se together with a solution of sodium selenite enriched with another stable isotope, %e. Absorption of the two isotopes was then determined with the aid of a triple-isotope method that we have developed for this purpose. On the day before the isotope study, 1 ml of this solution was pipetted into a depression in the 74Se-labelled chicken patties for serving to the subjects during each of three meals on the following day. The solution was carefully kneaded into the patties by hand and the patties then kept at 4 ' overnight in the refrigerator.
Experimental design. For the first 3 d all subjects consumed the unlabelled, basal diet (Table 2) . On day 4 they were given the intrinsically-labelled chicken meat containing the extrinsic label of 76Se0,2-. On the following day the subjects were again given the basal diet and they continued with this diet until each had passed stools on five different days following isotope administration. On the day after this 5th day of post-isotope stool collection, each subject was given the basal diet and the procedure for the collection of stools repeated as in the first isotope period. Thus, the two dietary periods were essentially identical, allowing an estimate of the reproducibility of the determination of Se absorption from both sources.
All stools were collected quantitatively during the entire study. A preliminary analysis of individual stool collections was carried out to determine which stools contained the unabsorbed tracer. These stools were then pooled for each subject and period and each pool was analysed in triplicate for 74Se, 76Se and *OSe by the method of radiochemical neutron activation analysis, as described previously (Janghorbani et al. 198 
c).

RESULTS A N D DISCUSSION
Principles of the method. The principles and procedures for the measurement of absorption using the stable-isotope balance method and a single isotope tracer have been discussed previously (Janghorbani et al. 1980) . In the present experiment, employing simultaneously two isotope labels, fractional absorption of both the extrinsic and intrinsic labels may be calculated by solving the following three equations : Table 4 . Thus, the quantity of each isotope in faeces is the sum of the contributions from three sources: (a) the chicken meat Of importance for precise determination of fractional absorption of Se is the number of stools, passed following isotopic administration, that are used to prepare a composite faecal pool before neutron activation analysis. If too few stools are included then all the unabsorbed isotope will not be determined and the calculated absorption value would be erroneously high. We have explored this issue in the cases of Fe (Janghorbani et al. Errors would also be introduced if the period of faecal collection was too prolonged. In this case the faecal pool would include isotope that may have been absorbed but later resecreted into the gut. Thus, absorption values would be artificially low. In the case of Ca and Se, the re-entry of absorbed isotope into the intestinal tract may be significant. However, the method of Lutwak (1969) , involving analysis of the cumulative excretion of isotope in faeces, may be used to correct for this return of absorbed label into the intestinal tract. We have compared the results obtained for absorption of Se calculated by both methods using 74Se0,2-as an extrinsic label in four young adult men (Janghorbani et al. 1982a) . The calculated values for mean (with SE) absorption were 75.9 (9.3)% and 76.6 (8-9)% using the faecal pooling method and the method of Lutwak (1969) respectively.
Fractional absorption of the two forms of Se. Values for adsorption of Se from chicken and from the extrinsic label of selenite for all subjects during both experimental periods are given in Table 5 . The two estimates for mean values for absorption of 74Se-labelled chicken compared closely but the replication of the estimate of 7sSe absorption was not as close. The value for absorption of 74Se from chicken meat is in general agreement with previously-published estimates of food Se absorption (Heinrich et al. 1977; Robinson et al. 1978; Stewart et al. 1978) . However, in only one previous study has absorption of Se from an intrinsically labelled food been measured directly. In that study pork, obtained from pigs that had been given an injection of [75Se]selenomethionine, was given to healthy adults and to children suffering from cystic fibrosis (Heinrich et al. 1977) . Estimates for food Se absorption derived in other studies have been based on the assumption that a radioactive tracer given orally as an extrinsic label is partitioned between urinary excretion and body retention in the same proportion as is food Se . The validity of the assumption might be questioned, based on the known differences in the metabolism and excretion of the various chemical forms of ingested Se in humans (Thomson & Stewart, 1974; Griffiths et al. 1976) . Further uncertainty arises due to the paucity of information on the chemical forms of Se in different foods.
The estimate of absorption of Se from the intrinsically-labelled meat reported here is comparable to that obtained in a previous study in which intrinsically-labelled chicken meat was given to young men receiving an amino acid diet supplying adequate or low sulphuramino acid intakes (M. J. Christensen, M. Janghorbani, F. H. Steinke and V. R. Young, unpublished results) . In that study, mean (with SE) absorption of 74Se-labelled chicken was 70.2 (3.2)% and 64.7 (1.8)% for subjects receiving the adequate and low S-amino acid intakes respectively.
Thomson & Stewart (1974) measured selenite absorption in three New Zealand women using radioactive 75Se032-. Values for their individual subjects were 44,64 and 70%. In the present study, absorption for 7sSe032-was somewhat lower than the New Zealand values and also lower than the estimates we have previously obtained in male MIT students receiving a dose of 74Se032-after an overnight fast and shortly before ingestion of food in the form of a liquid formula (Janghorbani et al. 1982a) . In unpublished studies (M. J. Christensen, M. Janghorbani and V. R. Young) we have observed in subjects, who have been studied after an overnight fast, that the absorption of 74Se0,2-is highest when given in water 3 h before a meal and slightly lower when mixed with orange juice, again 3 h before a meal, or served with orange juice and a solid meal.
In the present experiment the 76Se032-solution was first mixed in with the chicken-meat patties and these were consumed together with additional protein-free cookies, pudding and sweetened beverages. It appears, therefore, that the way in which the extrinsic label is incorporated into a test meal or the physical form of the meal or both may affect the fractional absorption of Se032-. Cousins & Cairney (1961) and Butler & Peterson (1962) have demonstrated in sheep that a reduction of Se to its elemental form by micro-organisms in the rumen may render it unavailable for absorption. Selenite is reduced in vitro to elemental Se by reducing agents such as ascorbic acid but, in chicks, ascorbic acid appears to enhance Se032-absorption (Combs & Pesti, 1976) . We have demonstrated a similar although less marked effect of ascorbic acid on selenite-Se absorption in adult humans (M. J. Christensen, M. Janghorbani and V. R. Young, unpublished results). Nevertheless, the question arises as to whether a reducing agent present in the chicken meat might have caused the lower level of Se absorption from selenite added as a tag.
An alternative explanation for the low values for selenite absorption obtained in this study is that the extrinsic label of the 76Se0,2-reacted with a constituent of the chicken pattie leading to a reduction in its absorption. For example, selenite reacts readily with sulphydryl groups to form selenotrisulphides (Ganther, 1968) . The latter are relatively unstable, decomposing to the disulphide and elemental Se (Ganther, 1968) , with this being of low availability. Chicken skin, which accounted for approximately 200 g/kg of the patties as served to our subjects, has a protein content of 120-140 g/kg (Suderman & Cunningham, 1980) . Epidermal proteins are known to be rich in S-amino acids and also less soluble and thus possibly of lower digestibility than the intracellular proteins in the muscle cells (Rudall, 1952) . The epidermal protein keratin is not digested by trypsin or pepsin and is only extensively soluble at high pH in agents such as sodium cyanide, sodium sulphide or sodium thiogIycolate (Goddard & Michaelis, 1934) .
We have reported a similar application of the double-labelling, triple stable-isotope method for study ofisotopicexchangeability betweenZn in poultry meat intrinsically-labelled with 68Zn and an extrinsic label of 70ZnC1, (Janghorbani et al. 1982b) . In the latter study we observed a small but statistically-significant difference between the fractional absorption of Zn from the extrinsic label and that from chicken meat, with absorption of the latter being slightly higher. However, the values for absorption for the two labels within subjects and between different diets were highly correlated (r2 0.93). In the present study there was no significant correlation (r2 0-21) between absorption of the extrinsic and intrinsic Se labels, due perhaps to the limited number of observations and the wide inter-individual variability in 76Se0,2-absorption.
In summary, the present study demonstrates the feasibility of undertaking simultaneous absorption determinations of stable isotopes of Se. The triple-isotope methodology described here is uniquely suited to the study of double-labelled diets since there is only one convenient radioactive isotope of Se for use in human metabolic studies. However, because the absorption of a dose of 76Se0,2-given simultaneoulsy as an extrinsic label was lower than previously-reported values for selenite absorption and less than that obtained for absorption of Se intrinsic to chicken meat, this suggests the need for caution in using labelled selenite as a means of estimating absorption of the Se present in foods. To examine this problen further it will be necessary to study other foods intrinsically labelled with stable isotopes of Se and the possible interactions of selenite with food constituents. In addition, the forms of the element in foods should be better characterized. The comparative metabolism in humans of the different forms of food Se deserves more extensive exploration.
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